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We, Hercules Incorporated, of Wilm- 
ington 99, Deflaware, United States of 
America, a Corporation organised and exist- 
ing under the laws of the State of Delaware, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by whidi it is to be performed, to be parti- 
culfiLrly described in and by the (following 
statement: — 

Tbe present invcnrion relates to a process 
♦for the production of poiyolefin compositions 
in expanded or cellular form and more parti- 
cularly to the production Of cellular com- 
positions from normaHly solid polyolefins using 
a novel blowing agent. 

It is well known that prolyolefins can be 
used in the preparation of expanded materials, 
i.e., foams, by incorporating in the polymer 
a soHd (or liquid) chemical blowing agent 
which, under the influence of heat, decom- 
poses and evolves gas whereby cells are formed 
and a low density product is produced. An- 
other process frequently used in the incor- 
poration of a gas in the molten pottjrmer while 
under pressure followed by the sudden release 
of die pressure whereby the polymer is ex- 
panded. 

. It has now been found that certain Group 
I A or II A metal salts which contain water 
of hydration are also effective blowing aigpnts 
for polyolefins. 

Accordingly, the present invention relates 
to a process for producing cellular composi- 
tions from polymers arid/or copofymers of 
alt^hatic olefines which comprises incorporat- 
ing into the polymer a hydrated salt of a 
Group I A or II A metal wherein the salt 
forming anion is selected from the group 
consisting of phosphate, acid phosphate, hypo- 
pihosphite, chromate, sulfate, tartrate, acid 
tanrate, citrate, acid citrate, aretatc, laaate, 
and borate, and heating the resultmg nuxture 

[Price 4s, 6d,} 



to a temperature sufficient to release the 
hydrated water as steam and to blow the 
poiyolefin. 

Althou^ the hydrated Group I A and 
II A metal salts of the present invention are 
very efTective blowing agents, an even further 
increase in expansion of the polymer can be 
achieved by also incorporating a chemicaJl 
blowing agent which liberates igas at the 
temperature employed in the invention such 
as, for e>:QTnple, azobisformamide, diazo- 
anrinobcnzcne, N,N' - dinitrosopentamcthylene 
tetramine, N,N' - dimetihyl - N,N' - dinitroso- 
.tcrcphthalamide, p,p' - oxybis(benzenesul:fonyl 
semicarbazide), azobis(isobutyronitrile), p,p'- 
oxybisCbenzeiiesutfcnyl hydrazide), p,p' - dir 
phenylbis(sulfonyl hydrazide), bcnzenesutfonyl 
hydrazide, m - benzenebis(stfifonyl hydrazide) 
and the like, into the polymer. The tise ctf 
a mixture of the hydrated salt and a diemkal 
blowing agent represents a preferred embodi- 
ment of the invention. 

The polymers and copol3aners of aliphatic 
olefines which can be blown in accordance 
with the invention, include polyedrylene and 
the essentially crystalline polymers of higher 
mono^cCefins often referred to as stereo- 
jegular polymers or isotactic or syndiocactic 
polymers. Although any crystalline polymer 
of an olefin having at least 2 carbon atoms 
is suitable, the invention is particularly useful 
for forming cellular compositions of poly- 
ethylene, 'both high and Bow density types, 
and isotasrtic polypropylene. Copolymers of 
ethylene or propylene with each other or 
with another monomer can also be used. 

The blowing agents used in accordance 
wiiih' the pwesent invention are, as stated above, 
hydrated salts of Groiip I A and II A metals 
wherein the salt forming anion is pho^hate, 
Qcid phosphate, hypophosphite, diromate,' 
sulfate, tartrate, acid tartrate, citrate, acid 
chrate, acetate, lactate, or borate. Preferred 
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salts include the various hydrates of xxjagne- 
sinm sullfate such as tiie dihydrate and the 
beimhydrate, hydrated calcium sulfate such 
as the sesquihydrare and the dihydrate, call- 

5 cium tanxate tetrahydrate, lidiium suifate 
monohydrate, potassium citrate monohydrate, 
and potassium sodiimi tanrate tetrahydrate. 
Other suitable hydrated salts indiKle mag- 
nesium .acetate tetrahydrate, magnesium 

10 citrate, tetradecane hydrate, magnesium acid 
citrate pentahydrate, magnesium chromate 
hq>tahydrate, magnesium i^ophosphite hexa- 
hydrate, magnesium lactate trihydxatc, mag- 
nesium phosphate tetrahydrate, xnagnesium 

15 acid phosphate heptahydrate, magnesium pyro- 
phosphate irihydrate, magnesium tartrate 
pentahydrate, magnesium acid tartrate tetra- 
hydrate, oadcium acetate monohydrate, cal- 
<num borate dihydrate, caldum <*romate di- 

20 hydrate, calciiim citrate tetraihydrate, calciimi 
lactate pentahydrate, calcium hydrogen phos- 
phate tetrahydrate, monocaldum phosphate 
monohydxate, caldum pyrophosphate tetra- 
hyxirate, tricaldum phosphate monohydrate, 

25 calcium phosphite trihydrate, lithium acetate 
dihydrate, liiihium borate pentahydrate, 
lithiimi chromartc dihydrate, lidiiiun dtrate 
•tetrahydrate, lithium phosphate monohydrate, 
Hthiimi tartrate monohydrate, lithium bitar- 

30 trate monohydrate, hydrated sodium acetate, 
sodium metaborate tetrahydrate, sodium tetxaf* 
borate pentahydrate, sodium* tetraborate deca- 
hydrare, sodiiun perborate tetrahydrate, 
sodium chromate dec^ydrate, sodium di- 
**35 ""duxwnotc dihydrate, tribasic sodium ortho- 
phosphate dtiodecahydrate, dibasic hydrous 
disodium orthopbosphate duodecahydratc, 
monobasic monosodiiun orthophospha-te mono- 
hydrate;, sodium pyrophosphate decahydrate, 

40 sodium hypopifaiosp^te mooohydrate, sodium 
phosphite pentahydrate, sodium Insutfate 
monohydnate, nomml soditcm sulfate mono- 
hydrate, normal sodium sulfate heptahydrate, 
normal sodium sulfate decahydrate, sodium 

45 hyposulfate dihydrate, sodium tartrate . di- 
hydrate, sodium bitartrate monohydrate, poms- 
smm icirabuiate pentahydrate^ potassium 
pyrophosphate trihydrate, potassium tartrate 
sesquih3rc^te, stroAdum acetate sesquil^diate, 

50 strontium lactate tr&ydrate, strontium tartrate 
tetrahytfaate, strootium hyposulfate tetra- 
hjrdrate, bariimi acetate monohydrate, bariiun 
borate heptahydrate, barium dtrate hepta- 
hydrate, terium hypophospiiite monohydrate, 

55 barium hyposuMate dihydrate, bariiun per- 
sulfate tetrahydrate, barium tartrate mono- 
hj^xate, beryllium sulfate tetrahydxatc, beryl- 
lium sulifote heptahydrate, and the like. 
The p ropor tion of hydnated salt employed 

60 as blomng agent can vary over a wide rai^ 
depending on the natuxe and diaracterisdcs 
of the salt and the extent of expansion of 
the product which it is desired to obtain. In 
general, an amount Hanging from 0.1% to 

65 20% by weight of the polyolefine and prefer* 



aWy fiom 1% to 10% will be sufl&dcnt to 
form light cellular products. As stated above, 
the hydrated saHts of the invention can also 
be used in miicture with chemical blowing 
agents. TTbe chemical blowing agent when 
enaployed wiU usually be present in on amount 
equal to from Q.1% to 10% of the mixtuxe 
and preferably from 0.1% to 3%. 

The polyolefin may also contain other 
materials such as stabilizers, cross-linking 
agents, and the Hke. The use of an azido 
cross-G inking agent in addition to the blowing 
agent is preferred for the production erf 
cellular polyolefin compositions having densi- 
•ties as low as 20 Ibs./cu. ft. since its use 
enables one to obtain a finer and more uni- 
form cell structure and a much higher per- 
centage of closed ceHs. The preferred azido 
cross-Hnking agent for use in the invention 
is a poly(sutfonazido), i.e., any compound 83 
having the generol formula R('SO.Ns]j, where 
R is an organic radical inert to the cross- 
linking reaction and x is an imeger greater 
than 1. Preferably, x will be an integer from 
2 to 100 and R wtU be selected ftroro t2ie 
group of organic radicals conning of 
alkylene, cuylene, aralkykne, and alkarylene 
radicals; however, these radicals can also 
contain ether, aUcc^l, halogen groitps whidi 
are inert to the cross-linking reaction. Exem- W. 
plary of the poly(sulfonazide)s that can foe 
used are 1,7 - tiepuaae - trisCsuifonazide), 
1,9 - ncHianebis(su]>fonazide), 1,10 - decanebis- 
(sulfonazide), 1,11 - undecanc - KsCsdfon- 
azide), •1^12 - dodccanebis(sulfonazide), 7- lOff 
oxatzidecane - 1,13 - bis(su3fonazide), 6- 
thiaundecane - 1,11 - bis(sulfo!nazide), diloro- 
aliphatic po]y(suMonaiade)s such as the poly- 
(sutfonazide) produced from a chloro- and 
siiifochlorinated nrixsture of petroleum hydro- 1 
carbons containing at iea^ one dblorine atom 
and at 'least two sutfonazide groups per mole- 
cule, 1,9 - 18 - octadecane - tris(suifona'ade), 
poly(etfaylene sulfonazide), polyt[suifonazido- 
mediylstyiene), 1,3- and 1,4 - bis(sulfonazido- 110 
methylbenzene), 1,3 - henzene - bis(suUdn- 
azidej, 1 - octyl - 2,4,6 - benzene - tris- 
(sulfonazide), 4,4' - diphenySmethane - bis- 
suIfona£de), 4,4 - dqjhenyledier - bfe(sulfon- 
azide), 4,4' - bis - occadecyl biphenyl- 1 
3,5,3',5' - tecra(su!tfonazide), 4,4' - di^rfwaiyl- 
disiilfide - bis(suIfonazide), 1,6 - bis(4'- 
sidfonazidophenyl) hexane, 2,7 - naphthalene- -g 
bisCsuJfonazide). 

Anodier dass of azido cross-Hnking agents 
that can be used are polyazidofoimates which 
have the general formuQa 




wJsere x is at least 2, preferably from 2 to 
4, and R is an organic radical, inert to 
cross-linking reaaions> cQntaixung at least 



one carixm atom per azidafarmatc group. 
Excm53tay of these aadotformaiDes air xbosc 
conqjounds where R is alkyiene, as for ex- 
ample in ethylene-bas(a2kiofo!miate), iri- 
5 methylene 1,3 - bis(axidotfonrHte), tctra- 
mcrhylene - 1,4 - bis(a2ido(fbrmate), penta- 
mediylcne 1,5 bi<azidofamiate, texa- 
methylene - bisCazidoforma^e), 1,9 - nonane- 
bi<azidojonnate), 1,10 - decane - bis (azido- 
10 ifonnate), cydo - alfc^kne, as for exampfle in 
cydohexykne - 1,2 - bis(azidofoTnB«e), cydo- 
bexylene 1,3 bis(a2idofonnate), and cycle- 
texyl - 1,4 - bis(a2adiofonnatc); arylene, as 
tfbr example in o-, n»-, and /j^^henylcne bis^ 
15 (azidoif annate); arylene - dralkylene, as for 
example in o-, m-, and p-xylykne - bis(a2ido- 
formaite); attkylene - diarylene, as for example 
in 2,2' - isopropylidene - bis^J^p' - phenyl- 
azidoformate); cydoalkylene - diaJkylene, as 
20 for example in 1,4 - cyck>hexane - dimcdiyl- 
bis(azidofommte); ox3rd3alkyteic, as for ex- 
ample in 2,2' - oxydicdiyi - bis(a2idtrformate), 
2^' - oxydipropyl - bis(a2idafonnate); thio- 
dtaQcylene;^ as for example in 2,2' - thiodi- 
25 ediyft - brsCazidotfoimate), 4,4' - thiodibutyl- 
bis(aadofonnate); aBcylene po3y(oxyalkylcne), 
as for example in 2,2' - cdiytaiedioKyerfiyl- 
bis(azidofonnate), i.e., ethylene - bisCoxy- 
echylene azidoformate), ilie tris(a2idofonnate) 
30 of glycerol-propylene oxide adduct; alkylene- 
bis(polyoxyi^kylene), as for exampfle the bis- 
(azidoformate)s of poly(ethylene glycol) and 
poly(propylenc glycol), and carbyl tetralds- 
(alkyleneoxyalkyiene), as for example the 
35 tctraazidofonnate of pawaeiytbritol-propyllcnc 
oxide adducr. 

The amount of the azido ctt>s»4inking 
agent ustilized can be varied over a wide 
range and will depend upm #ie type cf azido 
40 cnissriinlcii^ aigent used, the polymer being 
foamed, the prope r ties desired in the final 
foam, and, if employed, should be an amount 
sufficient to prevent rupture of the cdl walls 
when the foaming action takes pHacc. Gener- 
45 ally, an amount of from 0.001% up to 5% 
or more, and preferably from 0-005% to 
2%, and more preferably from 0.08% to 2% 
by weight of -the polynrcr will be suffidoit. 
Depending upon tiie amount and type of azido 
50 cross-lidking agent used, acoral cross-Knking 
cf the pol3rmer may or may not occur. Thus, 
for example at low levels of poljrsutfonazides, 
partiariaifly those of high molecular, weight, 
there will be an insufficient amount to arfneve 
55 actual cross-linking (insolubiKzation of the 
polymer), yet the polymer will be modified to 
such an extent that collapse of the ceH walls 
is prevented, wWdi collapse would occur if no 
azido cross-lirfdng agent were used- Latg^ 
60 amounts of the azido cross-Hi*ing agent will 
be used when a cross-liiAcd, foamed product 
desired 
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The pixxress of the invexaion is sa^ly 
carried out bv mixing the ahphanc oaefin 
polymer or copolymer with tlw blowmg agent. 



and any other desired components such as 
rpjastidzets, fiUci^ stabilizers, cross-linking 
agents, and the like, in conventionafl manner 
and iJien heating, lihe mixture to a tempera- 
the softening ren^jeraiure of die polyolefin. 70 
iturc sufficiently high to release the water of 
hydration to generate steam and at least to 
Temperatures in the range of 120" C. to 
240** C. arc usually sufficient, but the tem- 
perature varies slightly wkh the polyolefin 75 
to be blown. The period of time required 
to effea the desired degree of blowing will 
depend on the temperature used, but usuaSy 
will be about 1 to 10 minutes. The cxaa 
temperature to be used will then depend on 80 
the blowing agents used, wihether or not 
cross-linking agents and odier blowing agents 
arc present, the softening point of the polymer 
and the length of time the mixture is heated. 
The exp)antiable composition can be heated 85 
in any desired fashion as, for example, in 
a mold or open vessel, or in an extruder. 
A particularly suitable method is to charge 
the mixture to a mold which is then dloscd 
and heated, under pressure if desired, to a 90 
temperattnc sufficiently high to melt i3ie poly- 
mer and to deoon^ose the hydrated salt and 
release its water of hydxatitMi as steam, after 
which the mold is opened to allow the porlymer 
to expand into a cellular composirion. The 95 
cellular composition is then cooled and re- 
moved £rom the mold. 

By the enjoyment of the -present inven- 
tion it is possible to obtain an expantied 
product of low density in a proocss which can 100 
be simply controlled and which is readily 
reproducible. One of the advantages attendant' 
upon the employment cf the present invention 
includes the fact that riie hydrated salts of 
this invention are inexpensive blowing agents 105 
which can be advantageously used in place of 
all or pan of the more expensive materials. 

The invention will be ffllustrated by the 
foilowing examples in which all parts and 
percentages are by weight unless otherwise IIC 
speciiied. 

Example 1 
In this example 100 parts of stereoregtdar 
polypropylene having a bireEringent noelting 
point of about 168** C, a reduoed q>edfic 115 
viscosity of 3.2 (measured as a 0.1% solu- 
tion in decahydranaphthalene at 135** C.) and 
a melt index (Ij, 230"* C) of 4.0 and con- 
taining 0.5% of 1,10 - decane - bis(sulfon- 
azide) as cross-linking aigent and 0.5% of 120 
4,4' - thaobis(3 - methyH"- 6 - ten - butyl- 
phenol) as stabilizer was thoroughly blended 
with 6 parts of magnesium sudbfa tc hepta- 
hydrate on a 2-roll mill for 5 nanutes at 
180** C. The blend was removed from thd 125 
mill as an 1/8-inch thick sheet which was 
cooled and then chopped into 1/4-indi 
giantdes. Eighty-two parts of the granules 
were placed in a 5 inch X 5 inch X 0.25-inch 
mold and the mold was c&osed tighdy and 130 



held in an hydraulic press heated to 216*' 
C for 6 minutes after which the j>ress was 
opened rapidly to allow expansion of the 
tfbam from the nuold, and the foam wa-s coaled 

5 under an aluminum plate at an appKed pres- 
sure of less than 0.1 p.sri. There was obiamcd 
a cellular product having a density of 21 
ihs./cujft. A molding prepared ifrom granuftes 
of polypropylene which contained no mag- 

10 nesium salt gave a produa having a density 
of 36 ihs./cuit. 

Ejcample 2 
The procedure of Example 1 was rei>eated 
exactly as described above except tihat 4.5 
15 parts of magnesium sulfate heptahydrate and 
0.58 part of azobisfomtamidc were substituted 
for the 6 parts of magnesmm sulfate hcpta- 
hytlrate of Example 1. The cellular prodijct 
had uniforai closed cdls and had a denrity 
20 of 13 ibs./cujft. 

Example 3 
The procedure of ExampCe 2 was repeated 
except that 1.28 paats of azobirformanride 
was used instead of 0.58 part of azobisformr 
25 amide. The product of this example had a 
density of 10 Ibs./cu.ft. 

Examples 4—5 
The procedure of Example 3 was repeated 
using 5.0 parts of caldimi tartrate tetra- 

30 hydrate (Example 4) or 5.0 parts of calcium 
sulifate sesquihydrate (Example 5) instead of 
4.5 parts of the magnesitmi si^Kate hq)ta- 
hydiate. The ceHidar products contained fine 
unifonn cdls wflnch were predonrinantly 

35 closed and had densities of 9.3 and 11.9 
ibs./cuiit., xc^pccrivdy. 

Example 6 
In diis cxamptte 100 parts of polyediytene 
flake having a density of 0.945 g./cu.cm., 
40 end a n^lt Index (Ij, 190** Q) of 0.2 and 
containii^ 0.5 %of 4,4' - !driobis(3 - methyl- 
6 - tcrt - butyl - phenol) as stabiHzcr was 
thoroughly blended with 0.50 part of mag- 
ne^um suliate heptahydrate, 2.30 parts of 



azobisformamide, and 1.0 part of 1,10-decane- 
bds(sulifona2ide) in a ball mill. Hie blend was 
next extruded onto molding powder at 154" 
C, and the molding powder convened into a 
cellullar product according to the procedure 
described in Example 1 except that die mold 
was heated at 200** C. for 6 minutes. The 
cellular product 'had a density of 5.75 lbs./ 
cui^t. A product prepared from polyethylene 
flake in the same way as above except that 
no magnesium salt was employed had a density 
of 10.0 lbs./cuit. Repetition of the process 
of this example except that the amount of 
azobisformamide was reduced to 0.58 part and 
the magnesium sutfate heptahjrdrate was 
reduced to 0.45 pan gave a produa having 
a density of 9.5 lbs./cu.ft. 

Examples 7 — 9 
In each of these examples 100 parts of 
stcreoregullar polypropylene having a birefrin- 
gent melting point of about 168** C, a reduced 
specific viscosity of 3.2, and a melt index 
(Ij, 230** C) of 4.0, 0.5 part of 4,4' - thio- 
bis(3 - methyl - 6 - tert - butylphenol) as 
stabilizer, 1 .5 parts of magnesium sulfate 
heptahychate wiiich had previously been ball- 
milled to a fine partide sizc^ from 0 to 0.01 
part of tetramc±ylcne - 1,4 - bis(a2ido- 
formote) as cross-linking agent, and 150 parts 
of acetooe were thoroughly hurried at room 
itemperanxre until an intimate di^rsion ^s 
obtained, after whidi the duny was dried in 
a steam oven at 60* C. Eadi of the dry 
compositions was then extruded on a 3/4-indi 
20:1 (length : diameter) extruder fitted with 
a conventional nfictering screen and an 1/8- 
inch circular hole die tmder the following 
condiuons: 

Extruder barrel temperature 204**C 
Die temperatuxe ISO'^C . 

r.p.m. 50 
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The amount of tctramethylene-bis(a2idoform- 
atc)> i.c, TBAF, used in the compositions of 
ibese examples and the density of die extruded 
rod so produced are recorded bdow in Table 



95 



Ta ble I 

TBAF Density 

Example (parts by wei^) (lbs. per cuA.) 

7 0 15-6 

8 0.005 11.7 

9 0.01 12.6 



Examples 10 — ^13 
In these examples 100 parts of the stereo- 
regular polypropylene of Exampfles 7—9, 0.5 
100 part of 4,4' thiobis(3 - methyl - 6 - teit- 
butyliAewrf), 0.5 part of 1,9 - nonaneHs- 
(sdloiiazide), and 8 parts of a hydrated salt 
were ball-nrilled for 2 hours and then slurried 



with 150 parts of acetone and dried as in 
Rxamples 7 — ^9. Eighry-two (82) parts of the 1< 
dry xxympositions were then placed in 4 inch 
X4 inchx 1/4-inch picture frame molds and 
COTiverted into celliflar products in acconiancc 
with the procedure of Example 1. Composi- 
tions of these examples widi respect to the ^ 



hydmed salt and densities of the c^Hular ^^y^'^^^"^' """^'^ 
prodTKts obtained, as compared with a control in Tatfle ii tjeiow. 
pi^red in the same manner except that 
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Table II 

Hydiated Ss*: 

LiSO^.H-0 

K^CeH^O.-HoO 

KNaaH40..4H50 

MgSO^.THiO 



Density 
(lbs./cu.ft) 
8.1 
16.0 
14.5 
10.2 
44.5 



WHAT WE CLAIM IS: — 

1, A process for producing celidar com- 
positions from polymers and/or copolyrners 
of aliphatic olefins whidi comprises incorpor- 
ating into said polymer eu hydrated salt of a 
metal selected from the group consistmg off 
Group I-A and Group II-A metalsjwheran 
the sait-fonning anion is scteaed 
group ccmsisting of pho^ate^ acid phosplhat^ 
hypophosphite, chromate, sulfate, tartrate, aod 
tartrate, citrate, acid citrate, acetate, iac&te, 
and borate, and heating die tesidtingxmx- 
txffe to a temperature above the softenmg 
temperature of the polyolefin and sufficient 
to release the water from said hydrated salt 
and to expemd the polyolefin to produce a 
cellular composition. ^ - ^ - 

2. A process according to Qami i m 
•wWch a ctemical blowing agent is also m- 
coiporated imo said polyolefin. 

3. A process according to Claim ^ 1 or 
Claim 2 wherein the mixture afco oontaans an 
azkio cross-linking agent. 

4. A process according to any off the pre- 
ce^ng claims wihcrein the polycflefin is poly- 
propylene. , 

5. A pnjcess according <o any <tf a aams 
1 to 3 wherein Ae polyolefin is polyedq^toc. 



6. A process according to any of the pre- 
ceding tjlaims wherein die hydrated salt is 
magnesium' sulfate heptahydrate. 

7. A process according to any ctf Claims 
1 to 5 wherein the hydrated salt is oalcium 
suMiate sesquihydrate. , 

8. A process according to any of Clauns 
1 to 5 wherein the hydrated salt is calcium 
tartrate hydrate. ^ ^ . 

9. A process accordmg to any of aaams 
1 to 5 wherein the hydrated sah is Hifirium 
suMate nK>n<Aydrate. j- ^ - 

10. A process according to any ot Claims 
1 to 5 wherein die hydrated salt is potassium 
sodium tartrate tctrahydrate. 

11. A i>roccss according to any of Claims 
1 to 5 ^vherein the hydrated salt is potassium 
citrate monohydrate. 

12. A process siAstBamally as dauned m 
daim 1 with partioflaT raferenoe to the 
accompanying examples. ^ ^ 

13. CeHular polyolefin con^HJsmons when- 
ever prepared by a process according to any 
of die preceding cflaims. 

BERTRAM F. DREW, 
Agent for the AppUc^ts. 
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